Theoretical calculations
All computations were performed at the DFT level of theory employing the hybrid density functional B3LYP 1, 2 (Becke three-parameter Lee-Yang-Parr exchange-correlation functional) and the 6-31G(d) basis set 3 (a valence double-zeta polarized basis set) using the suite of programs accessible in the commercially available software package Gaussian 03 by Gaussian Inc. (Copyright  1994 (Copyright  -2003 , Gaussian, Inc) 4 installed on a desktop computer running the Linux operating system (Redhat Enterprise Linux 4). Unless otherwise stated, all calculations were carried out in the gas phase at T = 298.15 K and P = 1 atm.
Cell culture and growth inhibition assays
Human leukemia K562 cells, obtained from the American Type Culture Collection, were maintained as suspension cultures in Dulbecco's modified Eagle's medium (Invitrogen, Burlington, Canada) containing 4 mM L-glutamine and supplemented with 20 mM Hepes, 10% fetal calf serum (Invitrogen), 100 units/ml penicillin G, and 100 μg/ml streptomycin in an atmosphere of 5% CO2 and 95% air at 37 °C (pH 7.4). For the measurement of growth inhibition, K562 cells in exponential growth were harvested and seeded at 6000 cells/well in 96-well plates (100 μl/well). At 24 h later cells were treated with vehicle or various concentrations of kinamycin F and allowed to grow an additional 72 h. Kinamycin F was dissolved in DMSO and the final concentration of DMSO did not exceed 0.5% (v/v), which was an amount that was shown not to affect cytotoxicity. After treatment cells were assayed with the MTS CellTiter 96 Aqueous One Solution Cell Proliferation assay (Promega, Madison, WI). The spectrophotometric 96-well plate cell growth inhibition assay measures the ability of the cells to enzymatically reduce MTS. Three replicates were measured at each drug concentration and the IC 50 -values for growth inhibition were measured by fitting the absorbancedrug concentration data to a three-or four-parameter logistic equation as described. 5 The IC 50 data reported are the results of three such experiments carried out on three separate days.
General procedures
Materials and Methods. All reactions were carried out under an atmosphere of nitrogen and/or argon in flame-dried and/or oven-dried glassware with magnetic stirring unless otherwise stated. Where required, the purification of solvents and reagents was accomplished according to standard procedures. 6 All solvents were reagent grade unless otherwise stated. Dichloromethane and triethylamine were distilled from calcium hydride. DMSO was distilled from calcium hydride under reduced pressure. Toluene was distilled from sodium benzophenone ketyl. Dimethylformamide was pre-dried with calcium hydride and distilled under reduced pressure from 3Å molecular sieves and stored over 3Å molecular sieves. Alternatively, solvents were purified using the M. Braun Solvent Purification System. All commercial reagents used were purchased from the Aldrich Chemical Co. or VWR Canada (EMD, BDH, Alfa Aesar and J.T. Baker) and were used as received unless otherwise stated. Reactions were monitored by analytical thin layer chromatography (TLC) with silica coated aluminum sheets (EMD TLC Silica gel 60 F 254 ). Visualization was accomplished using UV light (254 nm) or basic KMnO 4 stain. Unless otherwise stated, purification of crude reaction products was carried out using flash silica gel chromatography (Silicycle SiliaFlash ® P60 40-63 μm, 230-400 mesh) according to established procedures. 7 All reported yields refer to chromatographically and spectroscopically pure compounds unless otherwise stated.
Characterization Methods. In some instances, compounds previously reported in the literature in which the characterization data was insufficient are reported here with a more complete characterization data set. Melting points were obtained on a MEL-TEMP ® apparatus (Laboratory Devices Inc., Holliston MA, USA) and are uncorrected.
1 H NMR NMR spectra were acquired on a Brüker AC300 (300 MHz), Brüker AVANCE300 (300 MHz) or Brüker AVANCE500 (500 MHz) spectrometer and are reported in parts per million (ppm) in either CD 2 Cl 2 or CDCl 3 using the solvent residual peak as the internal standard. For CDCl 3 this was 7.24 and 77.0 ppm for 1 H NMR and 13 C NMR, respectively. Data are reported as chemical shift in ppm, integrated intensity; peak multiplicities; coupling constants J (Hz) and assignment. The following abbreviations are used for reporting peak multiplicities: br = broad, w = weak, s = singlet, d = doublet, t = triplet, q = quartet, dd = doublet of doublets, dt = doublet of triplets, m = multiplet. 13 C NMR spectra were broadband decoupled and acquired on Brüker AC300 (75.5 MHz), Brüker AVANCE300 (75.5 MHz) or Brüker AVANCE500 (125.8 MHz) spectrometers and are reported in ppm in CD 2 Cl 2 or CDCl 3 , using the carbon signal of the deuterated solvent as the internal standard. Infrared spectra (IR) were recorded on a Perkin Elmer Spectrum RX I FT-IR System spectrometer either as thin films on a NaCl plate, or as a KBr pellet or as a solution in CDCl 3 using an IR solution cell with 0.1 mm path length and CaF 2 windows. Low and high resolution mass spectra were recorded in electron impact (EI) mode, chemical ionization (CI) mode and/or electrospray ionization (ESI) mode obtained at the WATSPEC mass spectrometry facilities, University of Waterloo, Waterloo, Ontario, Canada.
Experimental procedures
1,5-Dimethoxynaphthalene. From a modification of a known procedure, 8 a solution of 1,5-dihydroxynaphthalene (14) (10.155 g, 0.0596 mol) was dissolved in acetone (850 mL) by vigorous stirring to which was added anhydrous K 2 CO 3 (101.186 g, 0.732 mol) followed by dimethyl sulfate (84 mL, 0.888 mol). The mixture was heated at reflux (60 °C oil bath) for 22 h. The solution was cooled to room temperature and filtered through a sintered glass funnel. Triethylamine (50 mL) was added to the filtrate and the mixture was evaporated to dryness on a rotary evaporator. The residue was taken up in dichloromethane (400 mL) and triethylamine (100 mL) and the mixture was stirred at room temperature for 15 min. This solution was then washed twice with 1 M HCl, once with brine, dried over Na 2 SO 4 10 1,5-dimethoxynaphthalene (18.77 g, 0.0997 mol), toluene (20 mL) and DMF (12 mL, 0.155 mol) were mixed together and cooled to 0 ºC. To this was added POCl 3 (12 mL, 0.129 mol) and stirring was continued for another hour. The mixture was then heated at 110 ºC for two hours, cooled to room temperature and poured into 300 mL of 10% NaOH containing 100 mL ice. The mixture was then extracted with benzene three times. The extracts were pooled, washed twice with 1 M HCl, twice with water, once with brine, dried over Na 2 SO 4 , filtered and concentrated in vacuo to furnish 19.73 g (92%) of the title compound as a light orange solid that was of satisfactory purity for the next step. A small amount (0.1462 g) was purified by column chromatography (silica, 1:1 hexanes:ether) and recrystallized from ethanol to furnish fine white needles: mp 127-128 °C (lit. value 10 
4,8-Dimethoxynaphthalen-1-yl formate (15).
Following a published procedure, 10 to a solution of naphthaldehyde (19.61 g, 0.0906 mol) in dichloromethane (900 mL) was added mCPBA (39.305 g at 75.7% assay, 0.172 mol). The solution was stirred vigorously at room temperature for 2 h 40 min. This solution was then poured into 10% Na 2 S 2 O 3 (700 mL) and stirred for 25 min. The aqueous layer was removed and water (900 mL) was added. The mixture was stirred for 5 min and the aqueous layer removed. This sequence was repeated once more. The solution was then transferred to a separatory funnel and washed with a 10% solution of Na 2 S 2 O 3 twice with water washings between and three washings with saturated NaHCO 3 solution with water washings between, brine once, dried over Na 2 SO 4 , filtered and the solvent evaporated in vacuo producing 19.44 g (92%) of the crude formate as a brown solid. The crude material was employed in the next step without further purification. A small portion (0.587 g) was purified by column chromatography (silica, 2:1 hexanes:ether) to afford 0. 10 the crude formate 15 (24.39 g, 0.105 mol) obtained from the previous reaction was dissolved in a 1:1 mixture of degassed methanol/THF (750 mL) and stirred on ice at 0 ºC. Potassium hydroxide (17.186 g, 0.3063 mol) was dissolved in methanol (150 ml), extensively degassed, cooled to 0 ºC and added to the formate solution that was then stirred for 1 h. The reaction was quenched with 5% aq. HCl (130 mL) to obtain a pH ~2, poured into water (3 L) and extracted three times with dichloromethane. The organic extracts were pooled, washed twice with water and dried over sodium sulfate, filtered through a sintered funnel and the solvent evaporated in vacuo to yield 20.60 g of a dark brown solid. The crude naphthenol was purified by flash column chromatography (silica, CHCl 3 ) furnishing 13 10 the naphthenol (12.157 g, 0.0595 mol) obtained from the previous reaction was dissolved in CCl 4 (600 mL) and was stirred vigorously at room temperature. A separate flask was charged with bromine (9.746 g, 0.0609 mol) dissolved in CCl 4 (100 mL) which was immediately transferred to a dropping funnel. The flask was rinsed with two separate washings of CCl 4 (25 mL each) and these rinses were added to the dropping funnel to ensure quantitative transfer of bromine. The bromine solution was then added drop-wise to the stirred solution of naphthenol over the course of 2 h, after which stirring continued for another hour at which time a 20% solution of Na 2 S 2 O 3 (800 mL) was added and stirred for 10 min. This solution was transferred to a separatory funnel and the aqueous and organic layers separated. The aqueous layer was extracted three times with CH 2 Cl 2 and the extracts were pooled, washed twice with a 10% solution of Na 2 S 2 O 3 , once with water, once with brine and dried over Na 2 SO 4 , filtered and concentrated under reduced pressure. The same workup procedure was also applied to the CCl 4 layer. The crude products were pooled together to give 16.728 g (99%) of the title compound as a brown solid which was judged by 1 H NMR to be sufficiently pure for the following step. A small portion (0.1814 g) was by purified by column chromatography (silica, 
N-(Diphenylmethylene)-1,4,8-trimethoxynaphthalen-2-amine.
Following a known procedure, 13 a 25 mL two-neck flask was charged with bromonaphthalene 16 (0.202 g, 0.68 mmol), benzophenone imine (0.164 g, 0.91 mmol), sodium tert-butoxide (0.082 g, 0.86 mmol) and toluene (4 mL) under argon environment and the mixture was degassed with two freezethawing cycles under high vacuum with argon purges. To the frozen mixture was added Pd 2 (dba) 3 (0.002 g, 0.64 mol%) and (±) BINAP (0.007 g, 1.7 mol%) and the mixture was freezethawed twice again and then heated at 85 °C for 14 h. The mixture was allowed to cool, diluted with ether, filtered through Celite 545 and concentrated in vacuo to yield a yellow oil that was purified using flash silica column chromatography (4:1 than 2:1 hexanes:ether) producing 0.251 g (93%) of a bright yellow solid as the title compound: mp 160-162 °C; IR (NaCl, film, cm 
1,4,8-Trimethoxynaphthalen-2-amine (18).
Following a known procedure, 13 a mixture of the imine (0.251 g, 0.63 mmol) obtained from the previous reaction, 5% palladium on carbon (0.162 g, 12 mol%) and ammonium formate (0.681 g, 10.9 mmol) in methanol (5 mL) was heated at reflux for 1 h 40 min. The mixture was cooled to room temperature and diluted ten-fold with dichloromethane. The mixture was filtered through a bed of Celite 545, washed once with 0.1 M NaOH, dried over sodium sulfate, filtered and concentrated in vacuo to give 0.232 g of a light brown solid that was further purified by flash silica gel chromatography (1: -3-(1,4,8-trimethoxynaphthalen-2-ylamino) Trimethoxy-3-methyl-3,4-dihydro-2H-benzo[b]carbazol-1(5H)-one (21) . From a modification of procedures described by Akermark, 15 a mixture of the anilinoketone 20 (0.032 g, 0.09 mmol), palladium acetate (0.043 g, 0.189 mmol) in glacial acetic acid (5 mL) was heated at 95 °C for 90 min. The mixture was cooled to ambient temperature, filtered through a small pad of Celite 545 and the residue concentrated under reduced pressure and purified by column chromatography (silica, 1:7 hexanes:ethyl acetate) to furnish 0.015 g (51%) of a light brown solid as the title compound: m.p.  260 °C decomposition; IR (NaCl, film, cm -1 ) ν max 3231, 3072, 2996, 2956, 2929, 2840, 1620, 1543, 1505, 1479, 1465, 1445, 1428, 1395, 1357, 1263, 1247 16 (0.040 mL, 0.37 mmol) and triethylamine (0.030 mL, 0.21 mmol) in dry DMSO (0.8 mL) was stirred at room temperature for 4 h after which another 2 drops of triethylamine (~0.012 g, 0.12 mmol) was added and stirring was continued overnight. The solution was then diluted with water (10 mL) and extracted with ethyl acetate three times and the organic extracts were pooled. The pooled extracts were washed three times with water, brine once and dried over Na 2 SO 4 -3-methyl-1,6,11-trioxo-3,4,6,11-tetrahydro-1H-benzo[b] carbazole-5(2H)-carbonitrile (22). The cyanamide (0.012 g, 0.033 mmol) obtained from the previous reaction was dissolved in acetonitrile (1 mL) and the solution cooled to 0 °C. To this solution was added ceric ammonium nitrate (0.048 g, 0.087 mmol) dissolved in distilled water (0.3 mL), in 0.04 mL aliquots over a 5 min period. The solution was then allowed to come to room temperature over a period of 10 minutes and water (20 mL) was added. This mixture was extracted with CH 2 Cl 2 four times and the extracts were pooled, washed with water, a saturated solution of NaHCO 3 , water, brine and dried over Na 2 SO 4 . The solution was then filtered and concentrated in vacuo to give the crude product as an orange solid which was purified chromatographically (silica, 2:5 Butyldimethylsilyl)oxy)-7-methoxy-3-methyl-6,11-dioxo-6,11-dihydro-3H 
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